In a one pot procedure, amines 1a-c, cyclic ketones 3a-f and mercapto acids 2a-c were converted into 1-thia-4-azaspiro[4.n]alkan-3-ones (n = 4-7) 4a-e, 8a-e, 9a and 1-thia-4,8-diazaspiro[4.5]decan-3-one 9b. The 4-thiazolidinone moiety of 4b and the piperidine ring of 9b were subsequently derivatized furnishing products 5-7 and 10, 12a-d, respectively. The products were evaluated as potential antimycobacterial agents, ten compounds were found active at 25 µg/mL concentration; with the most active compound 12a showing more than 90% inhibition.
Introduction
Tuberculosis (TB) remains the major cause of death all over the world. Emergence of multi drug resistant tuberculosis (MDR-TB) makes the conditions most alarming. Up to 4% of all TB cases worldwide are resistant to more than one antitubercular drug because of incomplete or partial therapy. 1 Therefore, there is an urgent demand for a new class of antitubercular agents with a different mode of action. A de novo structure-based design has demonstrated that the 4-thiazolidinone scaffold inhibits an enzyme RmlC, which is an essential component for the biosynthesis of dTDP-rhamnose 2 . This prompted us to communicate our findings in this manuscript.
Oxidation of compound 4b with Oxone reagent under different conditions gave sulfoxide 5 and sulfone 6. The reaction was carried out at -5 to -10 °C in methanol/water (1:1): After one hour sulfoxide 5 was isolated; continuing the reaction at room temperature for additional two hours furnished sulfoxide 6. By heating with Lawesson's reagent in toluene at reflux for two hours the thiazolidinone 4b was converted into the corresponding thione 7 (Scheme 1). When the monoacids 2a,b were replaced by mercaptosuccinic acid 2c an interference of the additional carboxyl group with DCC was anticipated, 3 and therefore, a slightly different strategy was adopted . 4 In this protocol, the synthesis of 1-thia-4-azaspiro [4.5] decan-3-ones 8a-e (Scheme 2), 8-tert-butyl-1-thia-4-azaspiro [4.5] decan-3-one 9a and N-Boc-protected 1-thia-4,8-diazaspiro [4.5] decan-3-one 9b (Scheme 3) was achieved by refluxing a mixture of amines 1b,c, mercaptosuccinic acid 2c and carbonyl compounds 3a-f in toluene for 10-12 hours.
Removal of the Boc group in 1-thia-4,8-diazaspiro [4.5] decan-3-one 9b with 20% hydrogen chloride/dioxane solution afforded the hydrochloride 10 (Scheme 3). Compound 9b was treated with an ether solution of diazomethane, and after removal of the ether solvent the corresponding crude methyl ester derivative was obtained, which was subsequently treated with 20% hydrogen chloride in dioxane solution to remove the Boc group. Evaporation of reaction mixture to dryness gave the crude amine which turned crystalline with diethyl ether. This product was coupled with Boc-protected amino acids using 2-(1H-benzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate (HBTU) and diisopropylethyl amine (DIEA) in dry THF at room temperature to furnish coupling products 11a-d. After isolation and purification, the coupling products 11a-c were treated with lithium hydroxide in THF/methanol/water (7:2:1) for one hour and the products obtained after isolation were treated separately with 20% hydrogen chloride in dioxane solution to provide products 12a-c. Compound 11d was treated with lithium hydroxide in THF/methanol/water (7:2:1), and the isolated product was subjected to catalytic hydrogenation over Pd/C. In the hydrogenation process the O-benzyl group was removed from the aspartate moiety; the crude product obtained after work up was treated with 20% hydrogen chloride in dioxane solution to furnish the hydrochloride salt 12d (Scheme 3).
Biological activity
The above synthesized products were screened against M. tuberculosis using Microplate Alamar Blue Assay (MABA) assay 5 3 µg/mL) were taken as positive controls. We have also done cytotoxicity analysis of the above synthesized compounds, using neutral red uptake by using Vero-C-1008 cell line at various concentrations (6.25 µg/mL to 50 µg/mL), none of them were found toxic. Hence the activities of the above synthesized compounds were not due to cytotoxicity of the compounds. During the preliminary screening five compounds 4a-e were tested (Table 1) at 25 µg/mL concentration for their antimycobacterial activity. One of the compounds 4b have exhibited 96% inhibition at this concentration while other compounds 4a and 4c-e exhibited less than 90% inhibition at the same concentration. We have taken 4b as a lead molecule and subsequent structural modifications were carried out on this compound. As a first step towards lead optimization sulfur was oxidized to the corresponding sulfoxide 5 and sulfone 6 however, both of these modifications were resulted in a substantial decrease in activity. The next structural modification made was to convert carbonyl moiety to the corresponding thione 7 but this change were also resulted in a substantial loss of biological activity. Therefore, these centers were not modified in the subsequent studies.
Compound 8b has shown 97% inhibition at 25 µg/mL (Table 1 ). Therefore this compound was chosen for further studies. In order to optimize the carbonyl component, five compounds 8c-e and 9a,b were synthesized and investigated. The results of the antimycobacterial activity are quite interesting because all of these compounds have shown inhibition above 90% at 25 µg/mL (Table 1) . On the other hand, in secondary screening at 12.5 µg/mL concentration these compounds were found to have decreased antimycobacterial activity. Compound 9b was selected for further studies as it has a Boc-protected amino group, which opened an area for further modification at this point. Unprotected 10 was found to have decreased antimycobacterial activity. Furthermore, compounds 12a-d were investigated: 12a-c have shown more than 95% inhibition at 25 µg/mL concentration and more interestingly, compound 12a has shown 94% inhibition at 12.5 µg/mL concentration. Although we have not been able to substantially enhance the activity of 4-thiazolidinones in the present study, the data presented here are encouraging and deserve further investigation.
Conclusions
In the present study synthesis and antimycobacterial activity of 4-thiazolidinone derivatives have been described. Some of these derivatives (4b, 8b-e, 9a,b, 12a-c) have shown more than 90% inhibition at 25 µg/mL concentration. Moreover, one compound, 12a has been found to be the most active, it showed more than 90% inhibition at 12.5 µg/mL concentration. These results confirm the fact that the 4-thiazolidinone skeleton has great potential as antimycobacterial agent. It is thus concluded that 4-thiazolidinones deserve further investigation for the development of more potent and non toxic antitubercular agents for therapeutic use.
Experimental Section
General Procedures. Melting points (mp) were determined on a Complab melting point apparatus. Thin-layer chromatography (tlc) was performed on readymade silica gel plates ISSN 1424-6376(Merck); iodine was used as visualizing reagent. Products were purified by column chromatography using silica gel (230-400 mesh). The CHN analyses were carried out on CARLO-ERBA EA1108 elemental analyser. Infrared (IR) spectra were recorded on an FT-IR Perkin-Elmer spectrometer. The 1 H and 13 C NMR spectra were recorded on a DPX-200 Bruker FT-NMR spectrometer. The chemical shifts are reported with reference to TMS as internal standard. Mass spectra were obtained on a JEOL-SX-102 instrument using fast atom bombardment (FAB positive) technique.
1-Thia-4-azaspiro[4.5]decan-3-ones (4a-e). General procedure A
A mixture of amine 1a-c (1.0 mmol) and cyclohexanone (3a, 0.20 mL, 2.0 mmol) was stirred in THF with ice cooling for 5 min, followed by addition of mercaptoacid 2a,b (3.0 mmol). After 5 min DCC (247 mg, 1.2 mmol) was added to the reaction mixture at 0 °C, and the reaction mixture was stirred for an additional 50 min. at room temperature. Dicyclohexylurea was filtered off, the filtrate was concentrated to dryness under reduced pressure and the residue was taken-up in ethyl acetate. The ethyl acetate layer was washed with 5% citric acid solution (2 x), with brine (2 x), with 5% sodium bicarbonate solution (2 x) and finally with brine (2 x). The organic layer was dried over sodium sulfate and evaporated to dryness at reduced pressure. The crude product thus obtained was purified by column chromatography on silica gel with hexane-ethyl acetate as eluent. The purity of the products was checked by tlc using ethyl acetate/hexane (4:6). The preparation of 4a and 4b has been described previously. 
Synthesis of spiro compounds 8a-e and 9a,b. General procedure B
A mixture of amine 1b,c (1.0 mmol), ketone 3a-f (2.0 mmol) and mercaptosuccinic acid 2c (450 mg, 3.0 mmol) in dry toluene (20 mL) was heated at reflux for 10-12 h. The reaction mixture was cooled to room temperature, and the solvent was evaporated, the residue was taken up in ethyl acetate, and the resulting solution was washed with saturated sodium chloride solution. The organic phase was dried over sodium sulfate, filtered, the filtrate was concentrated under reduced pressure to dryness, and the crude product was purified by column chromatography on silica gel using methanol/dichloromethane as eluent. The purity of the products were checked by by tlc using methanol/dichloromethane (1:9) as solvent. (8-tert-Butyl-4-dodecyl-3-oxo-1-thia-4-azaspiro[4.5]dec-2-yl)-acetic acid (9a) . Applying General Procedure B, laurylamine 1b (0.23 mL, 1.0 mmol), mercaptosuccinic acid 2c (450 mg, 3.0 mmol) and 4-tert-butylcyclohexanone 3e (308 mg, 2.0 mmol) gave 9a (312 mg, 69%) as a gum;. R f 0.43 (10% methanol/dichloromethane). IR (neat): ν 1639.0, 1721.6 (C=O) cm Dioxane was evaporated at reduced pressure, and the crude salt was crystallized with dry diethyl ether. The crystalline material (449 mg, 1 mmol) was added to dry THF (30 mL) in a round bottom flask, and diisopropylethyl amine (DIEA) (0.52 mL, 3.0 mmol), a Boc-protected amino acid (1.2 mmol) and 2-(1H-benzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate (HBTU) (455 mg, 1.2 mmol) were added. The reaction mixture was stirred at room temperature for 1 h. After concentration under reduced pressure the residue was taken-up in ethyl acetate and washed with 5% citric acid solution (2 x), with saturated sodium chloride solution, with 5% sodium carbonate solution (2 x), and with saturated sodium chloride solution (2 x). The ethyl acetate layer was dried over sodium sulfate and concentrated under reduced pressure to dryness. The crude product was purified by column chromatography on silica gel using methanol/dichloromethane as eluent. The purity of the final compounds was checked by tlc using methanol/dichloromethane (1:9) as solvent. The product was stirred with LiOH (48 mg, 2.0 mmol) in THF/methanol/water (7:2:1, 20 mL) for 1 h to give the lithium salt of corresponding acid, which was then acidified with citric acid solution and extracted with ethyl acetate. The organic layer was dried over sodium sulfate and evaporated under the reduced pressure to give the free acid derivative. The acid derivative was kept in 20% HCl/dioxane (30 mL) for 1 h; dioxane was removed under reduced pressure to give the crude product, which was crystallized from dry diethyl ether to give the hydrochloride salt (12a-c·HCl). The purity of the final compounds was checked by tlc using methanol/dichloromethane (2:8) with two drops of acetic acid as solvent. 
4-Octyl-3-oxo-1-thia-4-azaspiro[4.5]dec-2-yl)acetic acid (8a

4-Dodecyl-3-oxo-1-thia-4-azaspiro[4.4]non-2-yl)-acetic acid (8c). Applying General
